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Abstract: The present study describes aspects of feeding ecology of Dash-dot Tetra Hemigrammus belottii
(Characiformes: Characidae) collected in the Urucu River basin in Coari, Amazonas (Brazil), aims to respond the
following question: What is the influence of hydrological periods (dry and wet) and spatial distribution in the diet
of H. belottii ? The specimens were collected between 2006 and 2009 in seven streams in the Urucu basin using
standard capture methods. Their stomachs were removed for diet composition analyses. The alimentary items
were weighed and identified for subsequent analyzes related to feeding intensity by repletion index (R1%) and
importance by alimentary index (Ali%). A total of 227 specimens were analyzed, with a mean standard length of
16.5+5.6 mm. The R1% values indicated that H. belottii fed more intensively during the dry season. The principal
items in the diet were Formicidae (IAi% = 69.6), fragments of allochthonous exoskeleton (IAi% = 17.7), and
Coleoptera (IAi% = 6.0). The composition of the diet did not vary significantly between seasons or among habitats,
which may be related to the abundance of the items exploited by the species throughout the year. Hemigrammus
belottii showed a generalist insectivore feeding habits which was mainly composed by allochthonous item.
Keywords: allochthonous item, Amazon basin, trophic ecology.
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Resumo: O presente estudo descreve a dieta da espécie Hemigrammus belottii (Characiformes: Characidae)
coletados na bacia do Rio Urucu no municipio de Coari, Amazonas, (Brasil), buscando responder o seguinte
questionamento: Qual a influéncia dos periodos hidrologicos (seco e chuvoso) e da distribui¢do espacial na dieta
de H. belottii 7 Os espécimes tiveram seus estomagos retirados e os itens alimentares pesados e identificados
para posteriores analises relacionadas a intensidade alimentar, pelo Indice de Replegdo (IR%) e pelo indice de
importancia alimentar (IAi%). Foi analisado um total de 227 espécimes, com comprimento padrdo médio de
16,54 mm + 5,6 mm. Baseado no IR% verificou-se para H. belottii uma maior intensidade alimentar durante
o periodo da seca. A dieta da espécie foi composta predominantemente pelos itens Formicidae (IAi% = 69,6),
fragmento de exoesqueleto aloctone (IAi% = 17,7) e Coleoptera (IAi% = 6,0), com sua composi¢ao se mostrando
independente de periodos hidrologicos e de sua distribuigao espacial, que pode ser atribuido a alta disponibilidade
de itens alimentares utilizados pela espécie durante o ano todo. De um modo geral H. belottii evidenciou um
habito alimentar insetivoro generalista, com predominio de itens de origem aldctone.

Palavras-chave: itens aloctones, bacia Amazonica, ecologia trofica.
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Introduction

Studies of feeding ecology provide important insights into
the biology of a species, which may be extremely relevant to the
conservation of not only the taxon itself, but also the ecosystems it
inhabits (Barreto & Aranha 2006) enabling a better understanding of
the relation among fishes and their habitats. Relatively few studies of
this type are available for the complex network of Brazilian streams,
considering that most fieldwork has been conducted in large bodies
of waters, such as major rivers and reservoirs (Esteves & Aranha
1999, Braga et al. 2012).

The term “igarapé” is used to refer to minor watercourses
(streams) in the Brazilian Amazon region, which are generally
characterized by low primary productivity, given that the riparian
forest tends to block out much of the solar radiation (Walker 1998,
Castro 1999). Given this, many fish species found in igarapés feed
primarily on resources derived from the surrounding vegetation, such
as fruit and terrestrial insects (Castro 1999).

The fish fauna of the Neotropics is dominated by relatively
unspecialized opportunist species, which feed on a wide variety
of resources, the availability and abundance of which may vary
considerably over time and through space, associated with
fluctuations in physical-chemical variables and the productivity of the
environment (Lowe-McConnell 1999, Lima & Behr 2010). However,
Knoéopel (1970) found no seasonal variation in the composition of
the diets of fishes in Amazonian streams, and attributed this finding
to the availability of feeding resources in this environment, as well
as the pronounced spatial stratification related to the availability of
a wide range of different microhabitats, which was corroborated by
other authors (Wootton 1992, Anjos 2005).

Given that the Characidae is one of the most common fish families
in the igarapés of the Central Amazon region (Espirito-Santo et al.
2009), the present study focused on the feeding ecology of the
characid Hemigrammus belottii in the minor watercourses of the
Urucu basin in Coari, in the Brazilian state of Amazonas, evaluating
the influence of hydrological season and spatial variation in the
feeding habit of species. Specifically, the study aims to respond the
following questions: (i) what is the composition of diet of H. belottii
in the igarapés of the Urucu basin? (ii) Is the feeding intensity and
diet composition of this species in the Urucu basin dependent on
the hydrological season (wet and dry season)? and (iii) Is the diet
composition of H. belottii influenced by spatial variation found in
the igarapés of the Urucu basin?

Material and Methods

1. Study area

The present study focused on the streams of the basin of the
Urucu River, a tributary of the Coari River which, in turn, flows
into the right margin of the Solimdes (Amazon) River (Figure 1).
The study area is located within the Jurua-Purus interfluvium, and is
characterized by swampy areas interspersed with ferra firme forest.
The climate is humid tropical, consistent with subtype 4m in the
Koppen classification system, characterized by excessive rainfall
during some months, with one or two months of precipitation lower
than 60 mm (Ataide et al. 2004). Mean annual precipitation is
approximately 2300 mm, the majority of which (1504.1 mm) falls
between December and May (wet season), with only 729.9 mm
occurring between June and November (Ataide et al. 2004).

2. Data analysis

The composition of the diet of H. belottii was analyzed based
on specimens collected in 11 different sectors located within seven
distincts classified as first to third order (Strahler 1957) streams of the
basin of the Urucu River. The specimens were collected between 2006
and 2009 in the dry (July, August, and September) and wet seasons
(November and December) during five expeditions.

For better characterizations of each collecting station, the
physical-chemical characteristics (pH and conductivity, uS.cm™) and
structural traits (stream width and depth in meters) of the streams were
recorded (Table 1). Complementary information on the characteristics
of each sector was also obtained — hydrodynamics (running or still
water) and the predominant substrate.

Specimens were collected using drag nets (3 mm mesh) and
hand-nets (2 mm mesh) with a standardized sampling effort of 50
and 100 casts, respectively. The specimens collected were fixed in
10% formalin and conserved in 70% ethanol before being deposited
in the ichthyological collection of the Museu Paraense Emilio Goeldi
(MPEG) in Belém, Brazil (see Appendix).

Basic morphological measurements were taken for each
specimen, including standard length (SL, in mm) and body weight
(Wt, in g). The specimens were then dissected through a longitudinal
incision in the ventral region for the removal of the entire digestive
tract. The tract was weighed (Wt, in g) on an analytical balance
with a precision of 0.00001 g and conserved in 70% ethanol for the
subsequent analysis of the contents. The items were analyzed under

Table 1. Environmental characterization of colleting stations where the specimens of Hemigrammus belottii were collected, Urucu river basin, central Amazonia,

Brazil (Cond. = Conductivity).

. pH Cond. (us.cm™) Depth Width Water Dominant
Station
dry wet dry wet (m) (m) type substrate

CS1 6.8 5.85 31.8 9.26 1.02 42 Still Leaf litter
CS2 6.9 5.25 36.8 11 0.28 2.54 Still Clay
CS3 7.7 59 34.8 10.89 0.44 2.68 Running Clay
Cs4 7.1 5.12 30.3 10.78 0.16 1.05 Running Clay
CS5 7.8 4.9 32.9 9.88 0.96 6 Running Clay
CSé6 7.9 59 39.9 7.89 1.4 8 Running Clay/leaf litter
CS7 6.8 6 35.7 8.11 0.78 15.5 Running Clay
CS8 - - - - - -
CS9 6.2 5.75 33.8 11.9 0.85 2.7 Running Clay/leaf litter
CS10 - - - - - -
CS11 6.5 5.83 35.9 8.67 0.85 2.1 Running Clay
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Figure 1. Location of the Urucu River basin, showing the collecting stations (CS1-11) where the Hemigrammus belottii specimens were captured.

a stereoscopic microscope for identification to the lowest possible
taxonomic level, based on the specialized literature (Costa et al. 2006,
Rupert & Barnes 2005).

The intensity of resource consumption was evaluated by repletion
index (RI%) for each specimen, based on the equation R/% = Pe /Pt *
100, where Pe represents the weight of the digestive tract, in grams and
Pt the body weight of the specimen, in grams (Zavala-Camin 1996).
The RI1% values were analyzed for possible differences between dry
and wet seasons based on the nonparametric Mann-Whitney test, used
to test the null hypothesis (H,) that feeding intensity was not affected
by hydrologic season, with a 5% significance level (Zar 1999).

The contribution of each item to the diet of H. belottii was
estimated based on its frequency of occurrence (FO,%), obtained by
the equation FO% = f,/ N *100, where f; represents the number of
stomachs containing item i and N is the total number of stomachs
analyzed. The relative weight (W,%) of each item was calculated

http://www.biotaneotropica.org.br/v13n3/en/abstract?article+bn03113032013

by W% = m, /N * 100, where m, represents the weight in grams of
item 7 and N is the total weight of all items in the stomachs (Hyslop
1980). These two methods were combined to obtain the Alimentary
Index (AL%), which evaluates the importance of each item to the
composition of the diet of the species (Kawakami & Vazzoler 1980,
Teixeira & Bennemann 2007), and is calculated by the formula:
Al% = FO% * W% * 100/ X (FO % * W%,).

To evaluate possible variations in the diet of H. belottii in the
different igarapés of the study area and during different periods, the
dietary items were grouped in five distinct categories (terrestrial
insects, Arachnida, insect larvae, Crustacea, and plant fragments)
and analyzed using non-metric multidimensional scaling, NMDS
(Clarke & Warwick 1994). The AL% values for each category were
transformed into their square-roots for the calculation of a matrix
of similarity based on the Bray-Curtis similarity index, run in the
PRIMER®6 statistics program (Clarke & Gorley 2001). This analysis

http://www.biotaneotropica.org.br
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calculates the distortion or “stress” between the similarity matrix and
the ordination produced by the graphic representation of the axes
(Clarke & Warwick 1994).

A nonparametric analysis of similarity (two-way ANOSIM),
which is analogous to an analysis of variance, was used to test the
null hypotheses that neither the hydrologic season nor the spatial
variation within the study area influenced the diet of H. belottii.
This analysis was also run in PRIMER®6 (Clarke & Gorley 2001).
This analysis provides an R value, a comparative measure of the
degree of separation of the samples, which provides the basis for the
acceptance or rejection of the null hypothesis, and the probability
(p) that represents the percentage risk of a type I error (Clarke &
Warwick 1994).

Results

A total of 317 H. belottii specimens were collected, with a mean
standard length of 16.54+5.6 mm. Of these, 90 individuals (28%)
had no material in their stomachs. Stomach contents were collected
from 227 specimens, 136 (59%) during the dry season, and 91(41%)
during the wet season.

A total of 26 different items were identified in the diet of
the H. belottii from the Urucu River basin (Table 2), which was
composed primarily of terrestrial insects, in particular formicids
(AL e Y0 = 69.69) and coleopterans (Al yppiera 70 = 6.06). It is
important to note that autochthonous items were also recorded, but
with reduced importance. Dipteran larvae (AIDiplcrzm a0 = 1.78)
were the most abundant of these items. The variation in the R1%
values (Figure 2) indicated that the feeding intensity of H. belottii

was three times higher during the dry season in comparison with the
wet (U = 644; p <0.01).

The NMDS analysis, along with the ANOSIM test indicated that
the relative importance of the different items was not linked to either
the spatial variation of each studied igarapés of the area or with the
season (R: —0.006; p > 0.05; Stress = 0.00) (Figure 3).

Discussion

A number of studies of Neotropical streams have emphasized
the importance of the riparian vegetation for the diet of igarapé
fishes, given that it is the principal source of allochthonous material
for the aquatic system (Goulding 1980, Lowe-McConnell 1999).
This material may represent dietary items (Sabino & Castro 1990,
Dufech et al. 2003, Toéfoli et al. 2010), as recorded in the present
study, or it may act indirectly by providing habitats for the aquatic
invertebrates that represent a dietary resource for the fishes, such as
floating logs and submerged leaf litter (Pusey & Arthington 2003).

A number of studies in stream habitats have indicated that both
autochthonous and allochthonous resources may be important in
the diets of fishes (Sabino & Castro 1990, Barreto & Aranha 2006,
Rezende & Mazzoni 2006a, Brandao-Gongalves et al. 2009), and
that the consumption of items from different sources may be linked
to a number of factors, such as the diversity of habitats, the degree of
disturbance of the marginal vegetation, anthropogenic interference,
and temporal variation (Ceneviva-Bastos & Casatti 2007, Borba et al.
2008).

The presence of riparian vegetation, whether forest or shrubs,
appears to be fundamental to the conservation of H. belottii, given

Table 2. Alimentary index (Ali%) for the items present in the digestive tract of Hemigrammus belottii in the Urucu River basin in the central Amazonia, Brazil,

during the dry and wet seasons.

Origin/Item Taxon or item Al%, Al% Al%

Allochthonous

Terrestrial insects 96.124 99.528 97.926
Diptera 7.839 0.736 3.557
Formicidae 66.227 60.398 69.696
Coleoptera 11.332 0.924 6.06
Hymenoptera 0.058 - 0.017
Psocoptera 0.071 <0.001 0.032
Ephemeroptera 0.312 - 0.093
Blattodea <0.001 - <0.001
Heteroptera 0.002 0.368 0.109
Orthoptera 0.113 - 0.034
Collembola <0.001 <0.001
Thysanoptera - <0.001 <0.001
Trichoptera - 0.063 0.014
Exoskeleton fragments 8.932 28.651 17.776

Arachnida 0.877 <0.001 0.331
Araneae 1.079 - 0.324
Opiliones 0.002 - <0.001
Acari 0.276 - 0.103

Autochthonous -

Imature insects 2.998 0.471 1.742
Ephemeroptera - 0.097 0.021
Coleoptera 0.528 - 0.158
Diptera 2.498 0.764 1.781
Exoskeleton fragments 0.725 - 0.217

Crustacea Ostracoda - <0.001 <0.001

Plant fragments Alga <0.001 - <0.001

http://www.biotaneotropica.org.br
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Figure 2. Seasonal variation in the repletion index (RI%) for the

Hemigrammus belottii specimens collected in the Urucu River basin, Central
Amazonia, Brazil.
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Figure 3. Ordination resulting from the non-metric multidimensional scaling
(NMDS) of the variation in the diet of Hemigrammus belottii based on the
specimens collected at the 11 sampling stations in the dry and wet seasons.
Stress = 0.001.

that, while an ample variety of items were consumed, the principal
item ingested by the species in the Urucu basin was terrestrial insects.
The order Hymenoptera, in particular the family Formicidae, is an
important item in the diet of many characid species (Rezende &
Mazzoni 2005a,b, Ceneviva-Bastos & Casatti 2007, Borba et al.
2008, Gomiero et al. 2008), including H. belottii. This taxon was the
predominant item in the digestive tracts of the specimens analyzed
in the present study. This may be related to the abundance of ants
in tropical forests, and in particular in the central Amazon basin,
where they may constitute as much as three-quarters of the biomass
of the soil fauna (Fittkau & Klinge 1973). Pimentel (2003) concluded
that, in addition to providing a potentially rich source of energy for
Characiforms, ants tend to become vulnerable to predation once in
the water. The predominance of ants in the diet of H. belottii may also
indicate that this species feeds on the surface of the water, given that
these insects tend to float on the surface after falling into the water
(Borba et al. 2008).

The abundance of food items may vary over time, and this
variation may be reflected in the diets of fish species (Rezende &
Mazzoni 2005, Barreto & Aranha 2006, Branddo-Gongalves et al.
2009), as observed in the present study, with a higher feeding intensity
being recorded during the dry season. As in the present study, many
species of Characidae have shown greater feeding intensity and

http://www.biotaneotropica.org.br/v13n3/en/abstract?article+bn03113032013

energy storage during periods preceding the reproductive activity
peaks, aiming higher reproductive success (Braga et al. 1985,
Hojo et al. 2004, Branco et al. 2005, Ballesteros et al. 2009). However,
the variation may also be related to the difficulty of capturing prey
during the rainy season. For example, Uieda (1995) observed sand
in the stomachs of five fish species in a river in Ubatuba, Sdo Paulo
(Brazil) during the rainy season, presumably as a result of the increase
in current velocity and the turbulence of the water during this period.
While a number of studies have recorded spatial and temporal
variation in fish diets (Hahn et al. 1992, Motta & Uieda 2004,
Branddo-Gongalves et al. 2009, Lima & Behr 2010), no such
pattern was recorded in H. belottii, probably related to the generalist
behavior of the species, which appears to be typical of the characids
(Bennemann et al. 2005, Silva et al. 2008, Brandao-Gongalves et al.
2009). However, the lack of variation may also be related to the
abundance of resources in Amazonian streams (Kndopel 1970).
Overall, then, Hemigrammus belottii is a generalist insectivore
that feeds primarily on terrestrial prey, in particular ants (Formicidae).
The species fed intensively during the dry season which is possibly
related to either the breeding process or to the greater vulnerability
of prey during this period. No spatial or temporal variation was
observed in the diet composition, which may reflect the diversity of
items ingested, and their abundance in Amazonian stream systems.
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Appendix

Specimens examined: Hemigrammus belottii, MPEG15025, MPEG17338-MPEG17355, MPEG17358, MPEG17360-MPEG17362,
MPEG17366, MPEG17367, MPEG17370, MPEG17371, MPEG17789-MPEG17791, MPEG17795, MPEG17796, MPEG17885, MPEG 17887,
MPEG17888, MPEG17892, MPEG17893, MPEG17895, MPEG17896, MPEG17901, MPEG17903-MPEG17905, MPEG17907, MPEG17908,
MPEG17912, MPEG17913, MPEG18073-MPEG18076.
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